Selecting high-affinity binding proteins by monovalent phage display.
Variants of human growth hormone (hGH) with increased affinity and specificity for the hGH receptor were isolated using an improved phage display system. Nearly one million random mutants of hGH were generated at 12 sites previously shown to modulate binding to the hGH receptor or human prolactin (hPRL) receptor. The mutant hormones were displayed in a monovalent fashion from filamentous phage particles as fusions to the gene III product of M13 packaged within each particle. After three to six cycles of enrichment for hGH-phage particles that bound to hGH receptor beads, we isolated hGH mutants that exhibited consensus binding sequences for the hGH receptor. Residues previously identified as important for hGH receptor binding by alanine-scanning mutagenesis were more highly conserved by this selection method. However, other residues nearby were not optimal, and by mutating them, hormone variants having greater affinity and selectivity for the hGH receptor were isolated. This approach should be useful for those who wish to modify and understand the energetics of protein-ligand interfaces.